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Al. $A$ , $B$ 1 1 $N$ .
.
A2. A $K$ , $K>N$
, . $B$
$X>0$ , .
A3 1 , A 2 ,
$B$ .
A4. $B$ A . $p_{1}>0$
$B$ , . $p_{1}+p_{2}\leq 1$ ,
$1-p_{1}-p_{2}$ , $B$
. , .
A5. 1 1 $B$ , $B$
$\alpha>0$ A . ,
A .
A6. A $B$ ,
. $B$ ,
.
, A( ) , $B$ ( )
. $n$ , A
$k$ , $B$ $x$ $\Gamma(n, k,x)$ ,
.
$S(y)$ $NS(y=0)$
$\Gamma(n, k,x)\equiv$ $NPP$ $(\begin{array}{ll}\alpha p_{1}-yn+(l-p_{1})\Gamma(n-l,k-1,x-y) \Gamma(n-1,k-l,x)-y+\Gamma(n-l,k,x-y) \Gamma(n-1,k,x)\end{array})$
(1)
2 A 2 { $(P)$ , $(NP)$ }
. $B$ $y=x,$ $x-1,$ $\cdots,$ $1,0$ $x+1$ .
, (1) $y$ $S(y)$ $S(0)$ ( N$S$ :no-smuggling
46
$)$ 2 . .
A $B$ $y$ , $\alpha p_{1}-yp_{2}$
, $1-p_{1}$ . A
1 , $B$ $y$ . ,
A 2 , A ,
$B$ A $y$ , .
(1) $r(n, k, l)$ $v(n, k, l)$ ,
.
$v(n, k, x)=val(\begin{array}{lll}\alpha p_{l}-p_{2^{X}} \alpha p_{1}-p_{2}y+(1-p_{1})v(n-l,k-1,x-y) v(n-1,k-1,x)-x -y+v(n-l,k,x-y) v(n-1,k,x)\end{array})$ (2)
1 $S(x)$ , 2 $y$ $S(y)$ ,
NS . , $val$ .
$n=0$ .
$v(O, k, x)=0,$ $v(n, k, 0)=0,$ $v(n,0, x)=-x$ , (3)
$v(n, k, x)=v(n,n,x)(k>n$ $)$ (4)
, , A
. , $\searrow$




, (3) , $n=1,$ $\cdots,$ $N,$ $k=1,$ $\cdots,$ $K,$ $x=$
1, $\cdots,$ $X$ , (2) , $N$ ,
$K$ , $X$
. , , 33 .
3.1 $k=n$
$x>0$ , $v(1,1, x)$ . (3), (4) , $v(1,1, x)$ (2)
.
$v(1,1,x)=val(\alpha p_{1_{-X}}-p_{2^{X}}\vee$ $\leq\alpha p_{1}-p_{2}y<-y<$ $00\Vert)$ (5)
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, $S(x)$
, $S(y),$ $0<y<x$ , . ,
$P$ NP , $v(1,1, x)= \min\{\alpha p_{1}-p_{2^{X}}, 0\}$ .
. $P$ $\pi$ , NP $1-\pi$ ,
$S(x)$ $\rho$ , NS $1-\rho$ $R(\pi, \rho)$ .
$R(\pi,\rho)=\rho\{\pi(\alpha p_{1}-p_{2}x+x)-x\}$ (6)
, . $\rho$
$\pi^{*}(\rho)$ , (a) $\rho=0$ , $\pi^{*}(\rho)$ , (b) $\rho>0$ . $\pi^{*}(\rho)=1$ , .
, $\pi$ $\rho^{*}(\pi)$ , . (i) $\alpha p_{1}-p_{2^{X}}>0$
:
$\pi_{1}=\frac{x}{\alpha p_{1}-p_{2^{X+X}}}$ (7)
, (a) $\pi>\pi_{1}$ , $\rho^{*}(\pi)=0$ , (b) $\pi=\pi_{1}$ , $\rho^{*}(\pi)$ , (c) $\pi<\pi_{1}$ , $\rho^{r}(\pi)=1$ .
(ii) $\alpha p_{1}-p_{2}x=0$ :(a) $\pi=1$ , $\rho^{r}(\pi)$ . (b) $\pi<1$ , $\rho^{*}(\pi)=1$ . , (iii)
$\alpha p_{1}-p_{2}x<0$ : $\rho^{*}(\pi)=1$ . , $(\pi^{*}, \rho^{*})$ .
(i) $\alpha p_{1}-p_{2}x>0$ , $(\pi^{*}, \rho^{*})=$ ( $\pi\geq\pi_{1}$ $\pi$ , $0$ ). (8)
(ii) $\alpha p_{1}-p_{2}x=0$ , $(\pi^{r}, \rho^{r})=$ ( $1$ , $\rho$ ). (9)
(iii) $\alpha p_{1}-p_{2}x<0$ , $(\pi^{r}, \rho^{r})=(1,1)$ . (10)
, $v(1,1, x)$ , $k=n$ $\Gamma(n, n, x)$
.
1 $(k=n$ $)$
$v(n, n, x)=n\dot{u}n\{\alpha p_{1}-p_{2}x,$ $0\}$ (11)
, $n$ , $n=1$ (8)$\sim(10)$ , $n>1$
2 .
(i) $\alpha p_{1}-p_{2}x>0$ , $(\pi^{*}, \rho^{*})=$ ( $\pi\geq\pi_{1}$ $\pi$ , $0$ ). (12)
(ii) $\alpha p_{1}-p_{2^{X}}\leq 0$ , $(\pi^{*}, \rho^{*})=$ ( $1$ , $\rho$ ). (13)
: .
$n=1$ $n>1$ (10) (13) , $k=n$ ,




$\Gamma(n, k, x)$ (2) . , $k=n$
, .
$A$ : 2 $y=x$ $y=0$ ( , NS) .
, (2) 2 2 .
$v(n, k,x)=val(\begin{array}{llllll}\alpha p_{1}-p_{2^{X}} v(n -1 k -l x)-x v(n-l,k,x) \end{array})$
(2) .
$-x\leq-y+v(n-1, k, x-y)\leq v(n-1, k, x)$ , (14)
$-x<\alpha p_{1}-p_{2}x,$ $v(n-1, k-1, x)\leq v(n-1, k, x),$ $v(n, k, x)\leq 0$ (15)
(15) , . ,
NS , .
, $\geq$ $\geq$ , (15) ,
$\min\{\alpha pi-p_{2}x,$ $v(n-1, k, x) \}\geq v(n, k, x)\geq\max\{v(n-1, k-1, x)$ , $-x\}=v(n-1, k-1, x)$
. 2 $\alpha p_{1}-p_{2}x\geq v(n-1, k-1, x)$ ,
$v(n-1, k-1, x)$ .
$\alpha p_{1}-p_{2}x\geq v(n,$ $k,$ $x),$ $v(n-1,$ $k,$ $x)\geq v(n,$ $k,$ $x)$ . (16)
(14), (15) , (16) A
. , A , $\Gamma(n, k, x)$
.
$v(n,k,x)=val(\alpha p_{1_{-X}^{-}}p_{2^{X}}\vee$ $\leq\geq$ $v(n-1,k-1,x)v(n-1,k,x)\wedge|)$ (17)
, $\Gamma(n, k,x)$ .
, .
$v(n, k,x)= \frac{(\alpha p_{1}-p_{2}x)\cdot v(n-1,k,x)+x\cdot v(n-1.k-1,x)}{\alpha p_{1}-p_{2}x+x+v(n-1,k,x)-v(n-1,k-1,x)}$ (18)
, 2 . 1 , $k-1$
, $\{v(n, k-1, x), n=1, \cdots, N\}$ , $v(n, k, x)$ $v(n-1, k, x)$
, $k$ $\{v(n, k, x), n=1, \cdots, N\}$ . , $k=1$
$v(n-1, k-1, x)=-x$ (18) , $v(n, 1, x)$ $v(n-1,1, x)$
. $k=2,3,$ $\cdots$ , $k$
.
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2 , $s$ $\{v(n, n-s, x), n=1,2, \cdots, N\}$ ,
$\{v(n, n-(s+1), x)\}$ $\{v(n-1, n-1-(s+1), x)\}$ , $\{v(n, n-(s+1), x),$ $n=$
$1,2,$ $\cdots,$ $N\}$ . 1 $\{v(n, n, x), n=1, \cdots, N\}$
, $k=n-1$ (18) $v(n, n-1, x)$ $v(n-1, (n-1)-1, x)$
, $\{v(n, n-1, x), n=1, \cdots, N\}$ . , $k=n-2$ (18)
$v(n-1, n-2, x)$ , $\{v(n, n-2, x), n=1, \cdots, N\}$
.
(18) , $v(n, k, x)$ .
$y(n, k,x) \equiv\frac{1}{v(n,k,x)+x}$ (19)
(18) . $y(n, k,x)$ .
$y(n,k,x)$ $=$ $y(n-1, k,x)+ \frac{1}{\gamma(x)}(1-\frac{y(n-1,k,x)}{y(n-1,k-1,x)})$
$=$ $(1- \frac{1}{\gamma(x)y(n-1,k-1,x)})y(n-1, k,x)+\frac{1}{\gamma(x)}$ (20)
, .
$\gamma(x)\equiv\alpha p_{1}-xp_{2}+x$ (21)
, (18) $k=1$ $v(n-1,0, x)=-x$ , (20) $y(n-1,0,x)=$
$1/(v(n-1,0, x)+x)=\infty$ ,
$k=0$ $y(n,0, x)=\infty$ .
A . (2) , $P$
$\pi$ , NP $1-\pi$ . $S(y)$
$R(\pi, S(y))=\pi\{\alpha p_{1}-p_{2}y+(1-p_{1})v(n-1, k-1, x-y)\}+(1-\pi)(-y+v(n-1, k, x-y))$
. , $\pi$ $R(\pi, S(y))$ , $(0, -y+v(n-1, k, x-y))$
$(1, \alpha p_{1}-p_{2}y+(1-p_{1})v(n-1, k-1, x-y))$ . , $R(\pi, S(x))$ ,
2 $(0, -x))$ $(1, \alpha p_{1}-p_{2}x)$ , $R(\pi, NS)$ 2 $(0, v(n-1, k, x))$
$(1, v(n-1, k-1, x))$ . 3 $\pi=0$
, (14) , $R(\pi, S(x)),$ $R(\pi, S(y))$ $R(\pi, NS)$ .
, (16) 1 , $R(\pi, S(x))$ $R(\pi, NS)$ $\pi=1$ ,





, $\pi=1$ $R(\pi, S(x))$ $R(\pi, S(y))$ , $\alpha p_{1}-p_{2}x<\alpha p_{1}-p_{2}y+$
$(1-p_{1})v(n-1, k-1, x-y)$ , $0\leq\pi\leq 1$ ,
(2) , $S(x)$ $S(y)$ ,




. $S(x)$ $S(y)$ , $S(y),$ $y\neq x$
, $R(\pi, S(x))$ $R(\pi, NS)$ $\pi_{3}\leq\pi_{4}$
. (20) , $y(n-1, k,x-y)/y(n-1, k-1, x-y)$ $y(n, k, x-y)$
$y(n-1, k,x-y)$ , $\pi_{3},$ $\pi_{4}$ .
$\pi_{3}$ $=$ $\frac{1}{\gamma(x)y(n,k,x)}$ (24)
$\pi_{4}$ $=$ $\frac{1}{(1-p_{1})\gamma(z)y(n,k,z)-\{(1-p_{1})\gamma(z)-(1-p_{1}-p_{2})z\}y(n-1,k,z)+p_{1}}$ (25)
, $z\equiv x-y$ . , , $S(x)$ $NS$
$\pi_{3}\leq\pi_{4}$ . , , $\pi_{4}$
$1<\pi_{4}$ $\pi_{4}<0$ $\searrow$ $R(\pi, S(x))$ $R(\pi, S(y))$ $\pi_{4}=\pm\infty$
, , $S(x)$ NS 2
.
2( ) $\Gamma(n, k,x)$
, $(S(x))$ $(NS)$ , $z(0\leq$
$z\leq x)$
$(1-p_{1})\gamma(z)y(n,$ $k,$ $z)-\{(1-p_{1})\gamma(z)-(1-p_{1}-p_{2})z\}y(n-1, k, z)+p_{1}\leq\gamma(x)y(n,$ $k,$ $x)$ (26)
.
, $\Gamma(n, n, x)$ , $S(x)$ $S(y)$
, $1<\pi_{4}$ , $\pi_{4}<0$ .
. $R(\pi, S(x))$ $R(\pi, S(y))$ ,
$\gamma(y)+(1-p_{1})v(n-1, k-1, x-y)-v(n-1, k, x-y)\leq\gamma(x)$ (27)
.
, A . $\Gamma(n, k,x)$
A , (18) (20) . ,
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$y(n, k, x)$ (26) , $\Gamma(n, k, x)$ A
. , (17) ,
$\pi$ (22) (24) , , $\rho$
, .
$\pi^{*}$ $=$ $\frac{v(n-1,k,x)+x}{\gamma(x)+v(n-1,k,x)-v(n-1,k-1,x)}=\frac{1}{\gamma(x)y(n,k,x)}$ (28)
$\rho^{*}$ $=$ $\frac{v(n-1,k,x)-v(n-1,k-1,x)}{\gamma(x)+v(n-1,k,x)-v(n-1_{7}k-1,x)}=1-\frac{y(n-1,k,x)}{y(n,k,x)}$ (29)
3.3
, A .
1 $\alpha p_{1}-xp_{2}<0$ , .
$y(n, k, x)$ $=$ $\frac{n}{k\gamma(x)}$ (30)
$v(n, k, x)$ $=$ $\frac{k\gamma(x)}{n}-x$ (31)
, $\pi^{*}$ , $\rho^{*}$ .
$\pi^{*}=\frac{k}{n}$ . $\rho^{*}=\frac{1}{n}$ (32)
: . $n=1$ , $k=0,1$ (31) ,
(3), (11) . $\{v(n-1, k, x), k=1, \cdots, n-1, x=1,2, \cdots\}$
, (20)
$(1- \frac{k-1}{n-1})\frac{n-1}{k\gamma(x)}+\frac{1}{\gamma(x)}=\frac{n-k}{k\gamma(x)}+\frac{1}{\gamma(x)}=\frac{n}{k\gamma(x)}$
. , $\{v(n, k,x), k=1, \cdots, n-1, x=1,2\cdots\}$ . $k=n$
, (11) . , (32) , (28), (29) . $\square$
(30) , $k=0$ $y(n, 0, x)=\infty$ , (3) $v(n, 0, x)=-x$
(31) , $y(n, k, x)$ .
2 $\alpha p_{1}-xp_{2}\geq 0$ , .
$y(n, k, x)$ $=$ $\frac{\sum_{l=0}^{k}{}_{n-k+l-1}C_{l}\cdot x^{l}\gamma(x)^{k-l}}{x\sum_{l=0^{n-k+l-1}}^{k-1}C_{l}\cdot x^{l}\gamma(x)^{k-l}}$
$=$ $\frac{1}{x}(1+\frac{{}_{n-1}C_{k}}{\sum_{l=0^{\hslash-k+l-}}^{k-1}{}_{1}C_{l}\cdot(\gamma(x)/x)^{k-l}})$ (33)
$v(n, k, x)$ $=$ $- \frac{{}_{n-1}C_{k}\cdot x^{k+1}}{\sum_{l=0^{n-k+l-1}}^{k}C_{l}\cdot x^{l}\gamma(x)^{k-l}}$ (34)
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$k=n$ , $i-iCi$ , $l=0$ 1 , $l>0$
, $y(n, n, x)=1/x,$ $v(n, n, x)=0$ , (11) . , $k=0$
$\sum 1_{=0}^{1}$ , , , $y(n, 0, x)=\infty$ ,
$v(n, 0, x)=-x$ , (3) .
: . $k=0,$ $n$ , 2
. , (20) $y(n-1, k,x),$ $y(n-1, k-1, x)$ (33) ,
$1- \frac{1}{\gamma(x)y(n-1,k-1,x)}=1-\frac{x\sum_{l=0}^{k-2_{n-k+l-1}}C_{l}x^{l}\gamma(x)^{k-l-1}}{\gamma(x)\sum_{l=0}^{k-1_{n-k+l-1}}C_{l}x^{l}\gamma(x)^{k-l-1}}$
$= \frac{\sum_{\iota=0}^{k-1_{n-k+l-1}}C_{l}x^{l}\gamma(x)^{k-l}-\sum_{l=0}^{k-2_{n-k+l-1}}C_{l}x^{l+1}\gamma(x)^{k-l-1}}{\gamma(x)\sum_{l=0}^{k-1_{n-k+l-1}}C_{l}x^{l}\gamma(x)^{k-l-l}}$






, (33) . $\square$
1, 2 , A , A
.
3 , $S(x)$ $NS$ .
: 1 2 $y(n, k, x)$ (26) .
4
, $\alpha=2,$ $p_{1}=0.6$ , p2 $=0.3$ , $n=1,2,$ $\cdots,$ $7$ ,
$k=0,1,$ $\cdots,$ $n$ , $x=1,2,$ $\cdots,$ $7$ .
1 $v(n, k, x)$ . 1 , , $v(n,0, x)=-x$
. , $\alpha p_{1}-p_{2^{X}}$ ,
$x=1,2,3$ , $x=4$ , $x=5$
. .
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1 , $k$ , $x$
. 1 , $n=k$ $x$
. , $k,$ $x$ $n$ ,
, (16) .
$1$ . $(\alpha=2,$ $p_{1}=0.6,$ $p_{2}=0.3$ $)$
$n$ $k \frac{x}{1234567}$
$\overline{10- 1- 2- 3- 4- 5- 6- 7}$
$\frac{10000- 0.3- 0.6- 0.9}{20- 1- 2- 3- 4- 5- 6- 7}$
1 $- 0.35$ $- 0.87$ $- 1.43$ $- 2.00$ $- 2.65$ $- 3.30$ $- 3.95$
$\frac{20000- 0.3- 0.6- 0.9}{30- 1- 2- 3- 4- 5- 6- 7}$
1 $- 0.51$ $- 1.21$ $- 1.94$ $- 2.67$ $- 3.43$ $- 4.20$ $- 4.97$
2 $- 0.15$ $- 0.50$ $- 0.91$ $- 1.33$ $- 1.87$ $- 2.40$ $- 2.93$
$\frac{30000- 0.3- 0.6- 0.9}{40- 1- 2- 3- 4- 5- 6- 7}$
1 $- 0.61$ $- 1.40$ $- 2.20$ $- 3.00$ $- 3.83$ $- 4.65$ $- 5.48$
2 $- 0.29$ $- 0.82$ $- 1.41$ $- 2.00$ $- 2.65$ $- 3.30$ $- 3.95$
3 $- 0.08$ $- 0.32$ $- 0.65$ $- 1.00$ $- 1.48$ $- 1.95$ $- 2.43$
$\frac{40000- 0.3- 0.6- 0.9}{50- 1- 2- 3- 4- 5- 6- 7}$
1 $- 0.68$ $- 1.51$ $- 2.35$ $- 3.20$ $- 4.06$ $- 4.92$ . $- 5.78$
2 $- 0.39$ $- 1.04$ $- 1.71$ $- 2.40$ $- 3.12$ $- 3.84$ $- 4.56$
3 $- 0.17$ $- 0.59$ $- 1.09$ $- 1.60$ $- 2.18$ $- 2.76$ $- 3.34$
4 $- 0.04$ $- 0.22$ $- 0.49$ $- 0.80$ $- 1.24$ $- 1.68$ $- 2.12$
$\frac{50000- 0.3- 0.6- 0.9}{60- 1- 2- 3- 4- 5- 6- 7}$
1 $- 0.73$ $- 1.59$ $- 2.46$ $- 3.33$ $- 4.22$ $- 5.10$ $- 5.98$
2 $- 0.47$ $- 1.18$ $- 1.92$ $- 2.67$ $- 3.43$ $- 4.20$ $- 4.97$
3 $- 0.26$ $- 0.80$ $- 1.39$ $- 2.00$ $- 2.65$ $- 3.30$ $- 3.95$
4 $- 0.10$ $- 0.44$ $- 0.88$ $- 1.33$ $- 1.87$ $- 2.40$ $- 2.93$
5 $- 0.02$ $- 0.16$ $- 0.39$ $- 0.67$ $- 1.08$ $- 1.50$ $- 1.92$
$\frac{60000- 0.3- 0.6- 0.9}{70- 1- 2- 3- 4- 5- 6- 7}$
1 $- 0.76$ $- 1.64$ $- 2.54$ $- 3.43$ $- 4.33$ $- 5.23$ $- 6.13$
2 $- 0.53$ $- 1.29$ $- 2.07$ $- 2.86$ $- 3.66$ $- 4.46$ $- 5.26$
3 $- 0.33$ $- 0.95$ $- 1.62$ $- 2.29$ $- 2.99$ $- 3.69$ $- 4.39$
4 $- 0.17$ $- 0.63$ $- 1.16$ $- 1.71$ $- 2.31$ $- 2.91$ $- 3.51$
5 $- 0.06$ $- 0.34$ $- 0.72$ $- 1.14$ $- 1.64$ $- 2.14$ -2. $u$
6 $- 0.01$ $- 0.11$ $- 0.32$ $- 0.57$ $- 0.97$ $- 1.37$ $- 1.77$
7 $0$ $0$ $0$ $0$ $- 03$ $- 06$ $- 09$
5
, 3 . ,
,
. ,







$\alpha$ , $p_{1}$ $p_{2}$ , .
, ,
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